Researchers have proven the Litchi seeds of possessing salutary pharmacodynamic effects, such as dispelling cold, relieving pain, promoting the circulation of qi, and removing stasis. This has resulted in its categorization as an affinal drug and diet in the traditional Chinese medicine. Important research progress has been obtained on the chemical components, traditional pharmacological effects, antivirus and antitumor effects, their molecular mechanisms and immune effects of litchi seeds in recent years. In this review, we have focused on the antitumor-related effects and mechanisms for the purpose of better utilization and comprehensive understanding of litchi seeds.
Introduction
Litchi seeds are the drying mature seeds of Sapindaceae litchi family, which shape like globose or oblong eggs and have a smooth and glossy surface in colors of brown or reddish brown. It has demonstrated the pharmacological effects of regulating Qi, dispelling cold and releasing pain. Consequently, it has been used to treat epigastric pain, liver and Qi stagnation, hernia pain, qi-stagnancy and blood stasis of women, testicular swelling, etc.
[1]- [3] . The chemical components comprise volatile categories, organic acids and fatty acids, amino acids, saponins, flavonoids, and sugar, and they function significantly on antineoplastic. With intensive research on the chemistry and pharmacology of litchi seeds, some new components and functions have been revealed. It has been now confirmed that the effective ingredients of litchi seeds can be applied to the modulation of blood glucose and blood lipid, anti-oxidation, anti-virus, anti-tumor, and anti-liver injury. In particular, the antitumor effect and the functional mechanisms of litchi seeds in recent years have increasingly attracted numerous attentions of researchers [4] - [6] . To further dig out the precious value of litchi seeds, this work has reviewed recent studies on the pharmacological antitumor effects, the molecular mechanisms and immune effects of litchi seeds.
Pharmacological Antitumor Activity
The comprehensive progress covering many aspects on the tumor inhibition of litchi seeds has received from the drug serum, extract and relevant active ingredients. Xiao and her coworkers proved that the Litchi medicated serum (water extract and granules) can significantly suppress the cells growth of S180 sarcoma and ehrlich ascites carcinoma (EAC) of mice in vivo and vitro [7] , as well as the HepG 2 human liver cancer [8] . Hsu et al. [9] discovered that the polyphenol-rich Litchi seed ethanol extract (LCSP) can significantly induce apoptotic cell death in a dose-dependent manner and arrest cell cycle in G2/M in colorectal carcinoma SW480 and Colo320DM cells. Similar water-soluble crude ethanolic extract in Litchi fruit pericarp also showed a dose-and time-dependent inhibitory effect on the growth of MCF-7 and MDA-MB-231 breast cancer cells where the maximal inhibition of cell growth (>80%) was obtained at 320 μg/ml with the IC50 80 μg/ml [10] .
In addition, Zhang et al. [11] stated that litchi seeds water extract had a prominent inhibitory effect on the CNE-2Z cell proliferation of nasopharynx cancer. The optimum effect can be obtained after 48 h experiment, where the inhibition ratio can reach 89.03% at 50 µg/mL and 98.54% at 100 µg/mL. Zhao et al. [1] investigated the impact of flavonoids and anthocyanins extract in litchi seeds on the breast cancer MCF-7 cell in a methyl thiazolyl tetrazolium (MTT) colorimetric method and found that the half maximal inhibitory concentration (IC50) of Epicatechin and anthocyanin B2 extract are 102 µg/mL and 99 µg/mL. In addition, litchi extract shows some degree of antitumor activity on the Liver cancer, cervical cancer and lung cancer [13] - [16] . These works suggested that the chemical components of litchi seeds have a significant tumor inhibition effect and this has been summarized in Table 1 .
Molecular-Level Tumor Inhibition Mechanisms
While the tumor inhibition effects are studied in-depth, the synchronous mechanism explorations make the pharmacodynamic efficacy of litchi seeds more apparent. The apoptosis-inducing is a kind of typical anti-tumor cellular mechanism. It is gradually accepted that the tumor cell proliferation can be inhibited and the tumor cell apoptosis can be induced by regulating the expression of the Bcl-2/Bax protein, the NF-κb and Fas protein, ultimately inhibiting tumor cell growth.
Regulating the Expression of Bcl-2/Bax Protein
The Bcl-2/Bax protein family plays a vital role in the cells proliferation, which can be classified into two categories, as the channel 1 (CH1) shown in Figure 1 . One type belongs to the inhibitor of apoptoasis protein (IAP) 
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Liver cancer inhibit proliferation [8] Water extract 50 µg/mL 100 µg/mL CNE-2Z Nasopharynx cancer 89.03% inhibition ratio 98.54% inhibition ratio [11] Ethanol extract >100 μg/mL SW480 Colo320 DM Colorectal carcinoma suppress cyclins and elevate the Bax/Bcl-2 ratio and caspase 3 activity that mainly contains the Bcl-2, Bcl-XL, Bcl-W, Mcl-1 and CED9, etc. Another is pro-apoptotic protein, including the Bax, Bak, Bcl-XS, Bad, Bik and Bid. Notably, the apoptosis or survival of cells depends on the relative expression level of pro-apoptotic Bax protein and Bcl-2 apoptoasis protein inhibitor to a great extent. Either reducing Bcl-2 protein or increasing the Bax protein can promote apoptosis of tumor cells, otherwise the tumor cell apoptosis will be restrained [17] [18]. Hsu et al. [9] found that Litchi seed ethanol extract (LCSP) can increase the expression of Bax or reduce the expression of Bcl-2 to regulate the apoptosis genes of tumor cells and eventually promote the cell apoptosis.
Modulating the Expression of NF-κB
NF-κB, discovered in B cell since 1986, is one of nucleoproteins anchoring on the light chain enhancer of κ immunoglobulin. It has been sorted into five sigmasubunits-Rel (cRel), p65 (RelA, NF-κB3), RelB and p50 (NF-κB1), p52 (NF-κB2)-that mainly drive the related gene transcription to realize an antitumor effect [19] . Since NF-κB is a signaling molecule of cell survival in the anti-tumor effect of litchi seeds, inhibiting the expression of NF-κB leads to reducing the expression of p65 subunit and the decrease of antiapoptotic members in the Bcl-2 family, thus eventually inducing the tumor cells apoptosis [20] . Yang et al. analyzed RAW264.7 cells by Western blotting method and found that the alcohol extract of litchi can prevent myocardial infarction via suppressing the activity of NF-κB [21] . However, a low expression of NF-κB is discovered in the normal cells and it shows a very limited impact on the normal cells function even if the inhibition works. Therefore, suppressing the NF-κB and main impact factors in the signal pathway are likely to be the new sensitivity-enhanced targets of litchi extract antitumor in future [22] . This part can be seen in CH2.
Regulating the Expression of Fas Protein
Fas protein shows an important effect on the cells apoptosis, which can work as one kind of death receptors combined with the extracellular apoptosis stimulating signal molecules. The extracellular death domain reacts with the FADD to form the death induced signal complex, and then activates the caspase-8 as well as the following cascade reaction, thus inducing the apoptosis of cells in presence of Fas protein [23] . Wang et al. [24] discussed the HepG-2 proliferation inhibition of Litchi seeds extract and found that the extract L2.3 could stimulate the activity of caspase-8, caspase-3 and caspase-9 and induce the expression of Fas protein (CH3, Figure  1 ). Shen et al. discussed the cell proliferation inhibition and apoptosis mechanism of litchi seeds extract for the human neuroblastoma SH-SY5Y cells by a flow cytometry instrument test and revealed that litchi seeds extract can increase the Fas protein to further activate the caspase cascade, and finally induced the apoptosis of SH-SY5Y cells [25] .
Antineoplastic Immune Regulation Mechanisms
Litchi seeds extract can regulate the immune molecules and improve the pathological process of various diseases. For example, Litchi seed extract can regulate the cytokines, e.g. epidermal growth factor (EGF), epidermal growth factor receptor (EGFR), platelet derived growth factor (PDGF) and tumor necrosis factor-α (TNF-α), etc. The litchi polysaccharide can promote the expression of MIF and then control the inflammatory factors like IL-1, TNF-α, IFN-γ. Furthermore, the active ingredients of litchi seeds can stimulate the expression of Ig, C3bR and improve the telomerase activity to release antineoplastic effect.
Regulation on the Cytokines
Epidermal growth factor (EGF) can stimulate certain cell division and proliferation, which is deemed as an important biological mechanism leading to nonmalignant proliferative diseases. Research has shown that EGF can facilitate the DNA synthesis of myoma cells and increase markedly the cell proliferation activity, where the biological effect is linked to the EGFR level of growth factor. Moreover, the high EGFR levels related to excessive myoma cells proliferation show the important role in the growth and development of hysteromyoma [26] . Li et al. [27] discovered the concentrated alcohol extract of Julisanjie bolus, water/alcohol extract and its precipitation, as well as volatile oils reduce significantly both the EGF secretion and the average optical density (MOD) of EGFR-positive expression cells, compared to the positive mifepristone (RU486). In this case, the synergy of active components may be the mainly treatment mechanism of Julisanjie bolus on the uterine fibroids. In addition, litchi polysaccharide LCP50 and LCP50W have proven able to regulate the immune function of mice, in which they can significantly increase the IFN-γ secretion of Th1 cells and reduce the IL-4 secretion of Th2 cells (CH4, Figure 1 ). Thus it can be construed that litchi polysaccharide can regulate the cell factor IFN-γ and IL-4 to cure neoplastic disease [28] .
Regulating the Immunoglobulin (Ig)
Litchi polysaccharide can also induce the increase of immunoglobulin in serum, as Li et al. discovered in the immune effect of polysaccharide on mice [29] . Chen et al. [30] further studied the function of litchi seeds on the mice tumor models and its immune adjustment. The agar diffusion method showed that litchi granules increased the IgG of S180 tumor-bearing mice as well as improved their immunocompetence, as displayed in CH5 of Figure 1 . This anti-tumor pharmacological function was considered to be the modulation of IgG immune antibody levels and it indicated that litchi seeds accessed the immune response in mice through a humoral immune regulation mechanism.
Regulating the Complement Molecules
Generally, complement receptors are membrane proteins expressed on the surface of immune cells. They interact specifically with complement factors leading to the removal of antigen from the circulation, which is deemed as an important segment in the activation of a mediated complement system. Notably, the C3b receptors on erythrocytes can be anchored directly on the C3b-sensitized yeast polysaccharide with the erythrocyte-C3b receptor rosette formed. This plays an important role in the immune adherence and its activity shows a positive correlation to the strength of the immune adhesion [31] - [33] . The immune regulation results of litchi seeds from Chen et al. presented an improvement of E-C3bR in S180 tumor-bearing mice (CH6, Figure 1 ). The anti-tumor effect on S180 tumor-bearing mice of litchi seeds may be attributed to regulating the activity of C3b complement and C3bR complement receptor [30] . Lin et al. detected the immune adhesion function of red blood cells in a yeast wreath way and revealed that Litchi extract is an efficient inhibitor of hepatitis b surface antigen (HBsAg) [34] . Zhang et al. found that the immune suppression model has lower quantity and activity of C3bR on erythrocytes, compared to that of normal mice, indicating that inhibiting the body immunity can lead to a downswing of E-C3bR formation [35] .
Regulating the Activity of Telomerase
Telomere is at the end of the chromosome in eukaryotic cells and chromosomes. The dividing cells are able to synthesize the telomere with telomerase, thus supplementing the loss of telomere in the cell division [36] . The data shows that the normal somatic cells have no telomerase activity, while the immortalized cell family and over 85% of tumor cells display the telomerase activity. Among of them, 85% of tumor cells are positively correlated with the activity of telomerase. As a result, considering the telomerase activity as tumor, therapeutic targets has attracted numerous attentions in contemporary medicine science [37] [38]. Xiao et al. [39] imported the different doses of litchi water extract to investigate the anti-hepatoma effects and results showed that litchi water extract reduces significantly the ratio of liver tumor with a negative telomerase activity simultaneously. Therefore, it is proposed that the litchi water extract may inhibit the telomerase activity of liver cancer tissue to suppress the liver cancer, which has been presented in Figure 1 , CH7.
The Prospects and Discussion
As an important ingredient of Chinese traditional medicine, litchi seeds have drawn much attention from its antitumor effect. Litchi seeds can inhibit the tumor cell proliferation, promote tumor cell apoptosis, and restrain the tumor metastasis or work by other means to achieve an anti-tumor effect. This shows that litchi seeds are benign antitumor complementary medicine with various pharmacological functions. In summary, litchi seeds have a positive anti-cancer effect through a variety of molecular mechanisms and immune regulation mechanisms with no serious side effects. Therefore, combining Litchi seeds medicine with radiotherapy and chemotherapy could be a great application and research prospect on enhancing tumor treatment as well as improving the quality of life of cancer patients.
